A detailed study is reported of the synthesis and characterization of n-type ZnO nanomaterial and its application as temperature sensor. The ZnO nanomaterial has been synthesized through pyrolysis of the oxalate produced by a conventional precipitation method. It is synthesized by flash heating the oxalate at 450˚C for 15 min. Pellet of this material was prepared and used as a sensing element. The variations in resistance of sensing pellet at different temperatures were recorded. The relative resistance was decreased linearly with increasing temperatures over the range, 120˚C -260˚C. The activation energy of ZnO calculated from Arrhenius plot was found 1.12 eV. Temperature response in terms of the relative variation, ∆R, of sensor resistance to a given temperature was measured. Scanning electron micrograph of the sensing element has been studied. Pellet of the ZnO is comprised of nanorods of varying diameters and different lengths. Diameter of ZnO nanorods varies from 75 to 300 nm. X-ray diffraction pattern of the sensing element reveal their nano-crystalline nature. Optical characterization of the sensing material was carried out by UV-visible spectrophotometer. By UV-Vis spectra, the estimated value of band gap of ZnO was found 4.7 eV.
Introduction
Nano sized zinc oxide due to the large band gap 3.37 eV and high exciton binding energy of 60 meV shows various useful properties and gives large and diverse range of growth of different type of morphologies such as nanosheets, nanocombs, nanobelts, nanowires and nanorings, which may be used in various applications [1] [2] [3] [4] [5] [6] . It is one of the promising materials among metal oxides for use in different types of sensors [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . As the temperature is an important parameter for measuring the different properties of materials. Because of various useful properties of ZnO, it behaves as good temperature sensing applications [23] [24] [25] [26] .
Experimental

Synthesis of Material
ZnO was prepared by flash thermolysis of zinc oxalate produced by a conventional precipitation method. In this method a sodium oxalate solution was mixed with a zinc sulphate solution at room temperature in the molar ratio 1:1. It yielded precipitate of zinc oxalate. This precipitate was filtered out and washed with deionized water till the sulphate and other impurities were completely removed. Its subsequent calcination at 450˚C for 15 min gave zinc oxide in powder form. The pellets of ZnO powder with 10% glass powder as a binder were produced by using hydraulic pressing machine (M.B. Instruments, Delhi) under the pressure of 616 MPa at room temperature (27˚C). Addition of glass powder improved the mechanical strength of the pellet.
Characterizations of n-Type ZnO
Scanning Electron Micrograph studies of ZnO nanomaterial in the form of pellet is shown in Figure 1 . ZnO rods of varying diameters and lengths can be seen. Diameters of ZnO nanorods varied from 75 to 300 nm. X-Ray diffraction system (X-Pert, PRO, Netherland) with Cu-K α source radiation having wavelength 1.54 Å was used for the characterization of the sample. The obtained XRD pattern (Figure 2) show the extent crystallization and the crystallite sizes of sensing materials were calculated using Debye-Scherrer's formula. Major phase of ZnO exist for 2θ = 36˚ at the plane (101) as shown in Figure 2 . The Average crystallite size calculated from Schrrer's Formula is found to be 64 nm.
Optical characterization of the sensing element was done by using UV-visible spectrophotometer (Varian, Carry-50Bio). The band gaps estimated from the UV-Vis spectra as shown in Figure 3 of ZnO was 4.7 eV. The increase in band gap due to quantum confinement effect in nanoparticle. 
Experimental Procedure
The circular pellet having diameter 10 mm and thickness 4 mm was made by using hydraulic pressing machine (M.B. Instruments, Delhi) under the pressure of 616 MPa at room temperature. Further the pellet was put within Ag-Pellet-Ag electrode configuration as shown in the Figure 4 and this configuration was put inside the electrical furnace for temperature sensing and variation of resistance with different temperatures 120˚C, 140˚C, 160˚C, 180˚C, 200˚C, 220˚C, 240˚C, 260˚C were recorded. The used heating rate was 2˚C/minute. The resistance of the sensing material decreases over the entire range of temperature as shown in Figure 5. 
Temperature Sensitivity
The response of the sensing material to increasing temperature has been investigated. Temperature is in an important variable to document when measuring sensitivity. The relative resistance of the sample decreased linearly with increasing temperatures over range. The temperature response can be given in terms of relative variation, ∆R, of the sensor resistance to a given temperature,
where R 0 is the initial resistance of the sensor and R t is the resistance at different temperature. The calibration curves for the sensing material were obtained by plotting ∆R against the temperatures. Figure 6 shows the changes in ∆R against temperature. The sensitivity of sample is determined from the slope of ∆R.
Activation Energy by Thermal Resistance Method
Activation energy (E) measures the thermal or other form of energy required to raise electrons from the donor levels to the conduction band or to accept electrons by the acceptor levels E a from the valence band respectively for n-and p-type materials. Activation energy corresponds to the energy difference (E c -E d ) and (E a -E v ) respectively for n-and p-type semiconductors as shown in Figures 7 and 8 . Activation energy by thermal resistance method can be measured from the variation of σ or ρ and conveniently of R with the temperature.
The temperature dependence of conductivity for a semi conducting material can be obtained using following simplified expressions:
Since dimensions remain the same during small temperature variations, therefore, the equation can be simplified for resistance as      [27] By measuring the slope of Arrhenius plot of a linear zone, we have calculated the activation energy of nanostructured ZnO. Figure 9 shows the variation of lnR as a function of inverse temperature (Arrhenius plot). The resistance variation of the ZnO can be ascribed to typical band conduction. It can be noted that a change in temperature will alter the resistance because both the charge of the surface
) as well as their coverage can be altered in this process. Since the conduction process in metal oxide semiconducting materials depend heavily on grain boundaries therefore large and small particle sizes of materials are responsible for deviation from straight line behavior. In the overall conduction process a contribution arising from the participation of ZnO lower average particle size and another with higher average particle size i.e., the distribution of particle size dominates in thermally activated conduction process. 
Results and Discussion
The physical property that defines a semiconductor is its decrease in its electrical resistance with increasing temperature. Therefore, Figure 5 show the semiconducting nature of these sensing materials. In this figures the decrease in resistance with the temperature must mainly regarded as due to the thermally activated mobility of the carriers rather than to a thermally activated generation of these. Basic principle based on change of electrical resistance with temperature and is available as negative temperature coefficient (NTC-resistance falls with rising temperature). NTC is the most usual type for temperature measurement, and the rate of change of resistance with temperature is very much higher than that of a resistance thermometer, providing high sensitivity within a small temperature span. This makes sensor very suitable for measuring temperatures around ambient and for medical applications.
The variations in temperature response of sensing element made of ZnO to a given temperatures have been shown in Figure 6 . The results have shown that sensing element has the highest sensitivity to temperature, 0.40%/˚C. The energy transition in an investigated temperature interval (120˚C -260˚C), which may be an electron excitation from valence band to an acceptor level, creates a hole in valence band for the conduction. Therefore this transition controls the R-T characteristics (Figure 9) . The activation energy determined from the slope of resistance data was found 1.12 eV.
Conclusion
It was concluded that the laboratory model of the sensor fabricated using nanosized ZnO is a better sensing device for temperature because it has the highest average sensitivity 0.40%/˚C and most linear responses to the entire range of temperatures. Nano-structured ZnO was successfully synthesized by flash thermolysis of zinc oxalate. The material on heating above 450˚C gave nano-rods having diameter 75 -300 nm which had good temperature sensing properties. The estimated value of activation energy for electrical conduction of charge carriers was found to be 1.12 eV. Thus, we can say that zinc oxide is promising materials for temperature sensing. Results are found to be reproducible and no ageing effects have been observed. Thus temperature sensor made of ZnO is cost effective, easy to fabricate and user friendly and can be used for both indoor and outdoor applications.
Acknowledgements
Dr. Richa Srivastava is highly grateful to University Grants commission, Delhi for Post Doctoral Fellowship (No. F.15-79/11 (SA-II).
